Yield and yield components of six canola (Brassica napus L.) cultivars affected by planting date and water deficit stress In order to study the effect of planting dates and different irrigation regimes on yield and yield components of six canola cultivars, an experiment was conducted in two growing seasons; 2008 to 2009 and 2009 to 2010. Six canola cultivars (Zarfam, GKH1103, GKH1605, GKH2005, GKH305 and GKH3705) were cultivated in two different dates (October 7th and November 6th) with two levels of irrigation regimes (irrigation after 60 mm evaporation from Class A evaporation pan and irrigation interrupting at flowering stage). The experiments were conducted in randomized complete block design arrangement in split factorial with four replications. The results demonstrated that late planting date and interrupting of irrigation at flowering stage significantly decreased growth, yield and yield components the of canola cultivars. In addition, oil yield was affected by late planting and water stress and it was dramatically decreased. Also, there was no significant difference among the cultivars with respect to oil percentage. The highest seed yield (5930.4 kg. ha -1
INTRODUCTION
Canola is an important oil crop growing in many part of the world. Canola in Iran is mostly cultivated as a winter annual for oil production and rarely livestock feed. If planted in spring, they can be grown as summer crop but the seed yield would be decreased due to short growing season and lack of enough water at the end of growing season, thus, winter cropping is preferred. The canola cultivars are slow growing especially in winter and most *Corresponding author. E-mail: sharghi@iiau.ac.ir. of them will complete their life cycle in 210 to 270 days. Canola cultivars appear to be best adapted to the conditions of Iran, however, some cultivars are less tolerant to environmental conditions. These crops are located in areas that receive reliable rainfall or have access to irrigation during summer as well as experience cool-mild temperatures at flowering. In Iran winter, grown canola crops often are harvested in late spring. The commercial cultivars proved to be ecologically well adapted to the Iran a noticeable occurrence of freezing days and lower winter temperatures. There are wide variations among the cultivated canola cultivars with respect to seed and oil yields per unit area at different planting dates as well as irrigation regimes. The seed yield and maturity of canola is greatly influenced by fertility management, seeding rate and seeding date (Bailey and Grant, 1993; Scott et al., 1973) . Zahedi et al. (2009) reported that yield and yield components were strongly affected by drought stress. Planting dates obviously affect canola yield and yield components. In this regard, it has been reported that at the early planting date, seed yield and straw yields were greater than late planting (Daly and Martin, 1988) . A number of studies have shown yield decline in canola with delay in sowing (Hocking and Stapper, 2001; Mendham et al., 1981) . In addition, canola oil content has been found to decline with later sowing (Hocking and Stapper, 2001) . Also, Hocking and Stapper (2001) concluded that oil concentration reduced by 3% per month of sowing delay. They concluded that the reduction was due to increased temperature and water stress during grain filling. Under harsh winter condition, most of the canola cultivars faced frost damage and displayed little growth in winter. Thus, planting date play an important role in canola production and access to desirable yield.
In addition, the most widespread limited factor in agricultural production is drought stress. The effect of soil moisture on canola oil is also significant, while increased soil water, including irrigation, increases oil concentration (Johnston et al., 2002) ; water stress (that is, drought and water lodging) reduces it (Pritchard et al., 2000) . They also stated that water stress increased the ratio of oleic to linoleic acid. Some researchers have reported that there is a correlation between the oleic acid content and water consumption at the vegetative period. Water stress at the grain filling stage of standard cultivars and genotypes with high level of oleic acid increased the ratio of oleic to linoleic acid (Sainz et al., 1999) . According to these points and importance of canola as an oil seed in Iran, this research was undertaken to provide basic information on the response of six canola cultivars to planting date and different irrigation regimes. In addition, our specific objectives were to evaluate the effect of these treatments on canola yield and yield components.
MATERIALS AND METHODS

Study site and experimental design
The experiments were carried out at Qazvin, Iran, (36°15′ N latitude, 49°55′ W longitude and an altitude of 1300 m) in 2008 to 2009 and 2009 to 2010. The experimental design was a randomized complete blocks design arranged in factorial split plot with four replications. Briefly, the two irrigation regimes, including irrigation after 60 mm evaporation from class A evaporation pan (control) and irrigation interrupting at flowering stage and two planting dates including October 7th and November 6th were as factorial allocated to main plots and six canola cultivars including Zarfam, GKH1103, GKH1605, GKH2005, GKH305 and GKH3705 were randomized to sub-plots.
Seed sowing and irrigation treatments
In fall, land was prepared by semi deep plow to a 25 cm depth. All plots in both years were fertilized with 200 kg ha -1 of urea as starter and then were mixed with soil by surface disk. 150 kg ha -1 of urea was used at the stem elongation stage in spring. Plot size was 5 by 1.8 m with 6 rows in each plot. The plots were 1.5 m apart each other to prevent lateral water movement between plots. Seeds were planted at a 5 cm distance on the rows at 3 cm depth. After seed sowing, the plots were irrigated immediately. Plants were thinned at the six-leaf stage to reach optimal plant density (100 plants per square meter). During the growing season, irrigation was performed after 60 mm evaporation from class A evaporation pan in non stress plots, while in stress plots irrigation was interrupted at flowering stage until physiological maturity stage. Weeds were controlled by labors. A systemic insecticide (Metasystox) was used at the flowering stage of canola to protect them against aphids.
Data collection
At physiological maturity stage, the crops were harvested when 40 to 50% of the seeds in the main pods and primary branches turned brown. In order to evaluate biological yield, samples were ovendried at 70°C for 72 h. In addition, height of plants in each plot was measured. Furthermore, pod number per plant, seed number per pod, 1000 seed weight and final seed yield were determined. Oil percentage and oil yield were calculated too. Oil percentage was measured by Inframatic 8620 Percor. Oil yield was obtained by multiplying seed yield in percentage oil.
Data analysis
Data were analyzed using the general linear model (GLM) procedure of the statistical analysis system, SAS. When analysis of variance showed significant treatment effects, Duncan's multiple range test was applied to compare the means at P < 0.05.
RESULTS AND DISCUSSION
Analysis of variance on data showed that effect of year was significant on all agronomic traits except biological yield and seed number per pod (Table 1 ). In addition, different planting date, irrigation regimes and canola cultivars significantly affected these traits (Table 1) . Oil percentage was not affected by canola cultivars and there was no significant effect. Also, interaction of treatments was significant on the studied traits but not on oil percentage (Table 2) . Comparisons between first year and second year showed that plant height, 100 seed weight, pod number per plant, seed yield, oil percentage and oil yield were considerably increased in the second year, while there was no significant difference between the first year and second year on the biological yield and seed number per pod ( Table 2) . Increase of the earlier mentioned attributes in the second year could be due to improvement of the agronomic practices and especially more suitable weather parameters such as temperature and precipitation. It was observed that seed yield was increased in the second year when compared with the first year (Table 2) ; this enhancement was because of the Means with similar letter were not significant at the 5% probability level.
increase in the number of pod in plant and seed weight, furthermore, plant height was increased in the second year. Obviously, increase in plant height leads to increase in pod number in plant, like the obtained results in this study (Table 2) . In other word, increases of seed yield may be due to increases of vegetative growth and dry matter accumulation. Comparison of means indicated that planting dates significantly affected plant height and biological yield. The results revealed that late planting of canola on November 6th dramatically decreased plant height and biological yield (Table 3) . Moreover, plant height and biological yield decreased due to water stress whether in the early planting date or late planting date (Table 3 ). The highest plant height and biological yield were obtained from GKH group cultivars when they were cultivated on October 7th and irrigated until physiological maturity stage (Table 3) . On the other hand, the lowest biological yield and the shortest plants were observed from Zarfam cultivar, cultivated on November 6th and water stressed at the flowering stage. It could be stated that planting canola on October 7th was the most suitable sowing date for canola, because late sowing on November 6th reduced the growth period as well as reduced the vegetative growth such as number of branches per plant that reflected increases in seed yield. Halvorson et al. (2001) found that the number of branches per plant was closely correlated with soil moisture regime during growing season. These results are similar to the results of Saini and Sidhu (1997) .
The obtained results demonstrated that one month delay in seed sowing can decrease seed yield from about 10 to 50% in different canola cultivars (Table 3) . Also, interruption of irrigation since flowering stage until seed maturity, drastically decrease seed yield. Abiotic stress at the later stages of reproductive growth can result in source limitation for seed yield by inducing leaves shedding and hastening maturity (Gan et al., 2004) . The increase in seed yield as a result of early planting date may be attributed to more light, water and mineral absorption by plant canopies thus, increasing photosynthetic capacity. These results are in accordance with those of Chauhan et al. (1993) . On the other hand, late planting date not only decreases crop growing season, but also causes weak pollination and seed filling at the end of season due to hot and dried days. Previous studies on canola indicated that canola production is mainly affected Means with similar letter were not significant at the 5% probability level.
by the heat and water stress at critical growth stage especially flowering stage. Thus, selecting early planting date allow canola emergence, growth and flower early to avoid heat and water stress. Similar results were observed regarding 1000 seed weight, seed number per pod and pod number per plant so that these components were reduced by late planting date and interruption of irrigation at flowering stage. Clark and Simpson (1978) suggested that increased pods per plant in irrigation treatment were primarily due to lengthening of the flowering period. Planting date is an important factor that determines the length of growing season and hence, yields. Early planting of canola postpones flowering which is an important factors leading to the highest yields (Jenkins and Leitch, 1986) . Jasinka et al. (1989) reported that seed and oil yields decreased with delay in sowing date. The differences between oilseed canola cultivars in seed yield might be attributed to their differences in growth traits such as number of branches that reflected differences in yield components such as number of pod per plant as well as 1000-seed weight and hence, increased seed yield per plant as well as per unit area. Shareif and Keshta (2000) obtained similar results.
Oil percentage was affected by planting date and water stress, but there was no significant effect on the interaction of them. In addition, the different canola cultivars were same with respect to oil percentage (Table 1) . The increases in oil yield in October 7th sowing and full irrigation regime may be due to the increases in both oil percentage and seed yield. Sharief and Keshta (1999) reported similar conclusions.
In general, late canola cultivation (November 6th) had high risk and imperil seed and oil yield, thus, it suggests that canola cultivation should not be done later than October 7th. In addition, interruption of irrigation at flowering stage and after that, significantly decreased canola yield and it is necessary to irrigate until seed maturity stage.
Conclusion
The results demonstrated that late planting date and interruption of irrigation at flowering stage significantly decreased growth, yield and yield components of the canola cultivars. In addition, oil yield was affected by late planting and water stress and it was dramatically decreased.
